Owing to the lattice mismatch between GaSb and A1Sb, a superlattice consisting of alternating layers of these materials will be strained. We have carried out ion-channeling measurements by backscattering of 1.76-MeV He ions, and present an experimental procedure and a data-analysis technique to measure the difference in strain between the two individual layers-of the superlattice.
I. INTRODUCTION
Superlattices fabricated by the epitaxial growth of alternating layers of two different semiconductors constitute a group of materials with unique electrical and optical properties. The introduction of lattice-mismatched superlattices' has broadened this group of materials. Under certain circumstances, the lattice mismatch in these systems will be accommodated by an approximately uniform strain. ' This makes it possible to use a larger variety of semiconductor materials in the alternating layers. Moreover, the strain in each individual layer can be used to modify the intrinsic physical properties, and the structures are also of interest for zone-folding experiments. It is well known that there exists some maximum thickness of a lattice-mismatched epitaxial overlayer above which dislocations develop and the strain is less than for thinner layers. In equilibrium this can be predicted; however, it is not yet clear where these limits will be for the different specific growth conditions used to'fabricate various superlattices. Furthermore, it is not clear how stable these structures will be. For these reasons, strain measurements on superlattices are an important task in the characterization of these materials.
Ion-beam channeling and x-ray diffraction have proven to be valuable tools for characterizing strained-layer superlattices. X-ray diffraction has provided detailed depth profiles of perpendicular strain in A1As/GaAs superlattices.
The first investigation of strained superlattices with the backscattering channeling method was carried out on a GaSb/InAs superlattice structure. ' Recently, various different methods for the characterization and measurement of the strain in superlattices have been developed.
We have previously reported on the channeling measurement of strain in a GaSb/AlSb superlattice.
The measurement was based upon the fact that, for a superlattice grown along the [100] direction, the "angle for best channeling" along the [110] 
II. EXPERIMENTAL PROCEDURES
The layered structure of the sample used in this investigation is given in Fig. 1 The same samples used in the channeling measurements were also characterized by x-ray rocking-curve analysis.
Details about experimental procedure to characterize the depth distribution of strain in strained-layer superlattices have previously been described. ' ' ' In (Fig. 2) will then conform to that of the substrate. As the substrate is much thicker than the layers in the superlattice, the changes in the, lattice constant of the substrate will be insignificant. Thus, the A1Sb layers in the superlattice will register with a parallel lattice constant close to that of the substrate (i.e. , a~~-a~) .
The lattice constant perpendicular to the plane a& can be calculated from the Poisson effect, Fig. 10 were extracted from the data of the contour diagram at the different depths given in Fig. 8 . One can see that the angle for best channeling as previously defined oscillates with depth, in good agreement with our experiments (see Fig. 7) , and tends to a steady value at greater depths, as expected. %'e have done other simulations with other "kink angles, " but with all other parameters unchanged. Figure 11 shows the angle difference b, f between the "direction for best channel-V. COMPUTER SIMULATIONS Depth Monte Carlo simulations of ion channeling in the crystal can be used to infer more precise inform. ation from measurements.
A description of such computer simulation has been given previously ' ' and applied The shoulders of the simulated scan profiles in Fig. 10 reproduce the shoulders of the experimental ones in Fig. 6 in great detail. This close agreement gives strong support to the use of the simulations to make quantitative inferences from the measurements. Almost the only way in which the two sets of scans differ is that the simulated profiles are somewhat broader'and flatter-bottomed than the experimental ones, a difference that is typical of such comparisons.
In the present comparison there may be specific contributions to this difference from not using the correct thermal-vibration amplitudes or not including, in the simulations, the effects of surface roughness, surface oxide, beam divergence, or defects in the superlattice. (Fig. 6). ing" of the first and second superlattice layers as a function of assumed "kink angles" b, 8. It is noted that the angle difference between first and second layer is always somewhat smaller than the assumed "kink angle. " One can use Fig. 11 to extract the "kink angle" from the channeling measurements.
It should be noted that the tilt angles in Figs. 6 and 7 (4) where the superscripts (1) and (2) 
